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Introduction:  First-ray  metatarsophalangeal  arthrodesis  is  a classic  surgical  procedure  in the  treatment
of severe  hallux  valgus,  hallux  rigidus,  revision  surgery,  and  inﬂammatory  arthritis.  The  objective  of this
study  was  to verify  if metatarsophalangeal  plate  arthrodesis  could  correct  the M1M2  intermetatarsal
angle.
Material  and methods:  This  prospective  and  continuous  series  (June  2007  to March  2011)  included  208
patients  (48%  severe  and/or  arthritic  hallux  valgus,  18%  hallux  rigidus,  16%  rheumatoid  forefoot,  13%
surgical  revision  of the  ﬁrst ray, 5% hallux  varus),  with  a mean  age  of 62.4  ±  9.9  years  (range,  19–87  years).
All  the  patients  were  operated  on by  a senior  surgeon  with  the  same  technique:  spherical  avivement  of the
joint  surfaces  using  reamers,  osteosynthesis  with  an  anatomic  plate  (Fyxis-BiotechTM)  in Ti.6Al.4  V alloy
prebent  to 5◦ with  a phalangeal  arm  to receive  an oblique  metatarsophalangeal  screw  in compression,  in
addition  to  four 2.7-mm  nonlocking  dorsal  screws.  The  full-scale  preoperative  and  intraoperative  angle
measurements  were  taken  on AP and lateral  X-rays  of  the  weightbearing  foot,  as  related  to  the  etiology
and  the severity  of  the  preoperative  metatarsus  varus  (M1M2  < 15◦, M1M2  15–19◦, M1M2  ≥  20◦). The
statistical  analysis  was  done  using  the StatView  software.
Results:  The  mean  follow-up  was  18.6 ± 12.4 months  (range,  2–76  months).  Nearly  all  of the  arthrodesis
patients  (97%)  achieved  bone  union,  and 5% of  the  plates  were  removed.  The  M1P1  angle  decreased  from
33.8  ± 19.7◦ (range,  −45◦ to –67◦) preoperatively  to 13.3  ± 5.3◦ (range,  0–32◦) at the last  follow-up,  and
the  M1M2  angle  from  14.2  ± 5.4◦(range,  0–26◦)  to 6.5  ± 2.3◦ (range,  0–12◦). The  preoperative  M1M2 angle
was  <15◦ in 97  patients,  15–19◦ for 78 patients,  and  ≥20◦ for the  33  others;  at  the last  follow-up  it
was 5.8  ±  2.1◦ (range,  0–10◦),  6.7 ± 2.2◦ (0–10◦), and  8.1 ±  2.4◦ (3–12◦),  respectively.  No  correction  of
◦the  metatarsus  varus  was  demonstrated  in relation  to  etiology.  The  M1M2  angle  was  >10 in  only  two
patients  (one  case  of rheumatoid  arthritis  and  one  case  of severe  hallux  valgus):  0.9%.
Discussion:  These  results  show  that isolated  metatarsophalangeal  arthrodesis  of  the  ﬁrst ray  can  correct
metatarsus  varus  even  in substantial  deformations  in  any  etiology.
Level  of proof:  Level  II cohort  study.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. IntroductionMetatarsophalangeal arthrodesis of the ﬁrst ray (MTP-1) is a
lassic technique in the treatment of ﬁrst-ray pathologies [1–3].
∗ Corresponding author. Service de chirurgie orthopédique, traumatologique et de
édecine du sport, centre hospitalier Lyon-Sud, chemin du Grand-Revoyet, 69495
ierre-Bénite cedex, France. Tel.: +04 7886 5930; fax: +04 7886 5934.
E-mail address: fred.dalat@hotmail.fr (F. Dalat).
http://dx.doi.org/10.1016/j.otsr.2015.06.021
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.Although it is not proposed in ﬁrst-line treatment for younger sub-
jects, it remains indicated in case of severe hallux valgus or with
severe arthritic lesions, hallux rigidus, surgical revision, or inﬂam-
matory arthritis [4–8].
This procedure corrects the angle between the ﬁrst metatarsal
and the ﬁrst phalanx of the hallux (M1P1) and the angle between
the ﬁrst and second metatarsal or the intermetatarsal M1M2 angle
(M1M2) [3,9,10]. Correction of the M1M2  angle is particularly
important because if it is undercorrected, the patient preserves a
wide forefoot, a space between the ﬁrst and second toes that is both
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nesthetic and uncomfortable when wearing shoes. However, in
eet with a very high preoperative M1M2  angle, MTP-1 arthrode-
is alone could be insufﬁcient because the wide metatarsal varus
ngle persists [1,11]. Some authors such as Rippstein et al. [12]
ecommend metatarsal osteotomy in addition to arthrodesis when
he preoperative M1M2 angle is greater than 10◦. To date there
as been no consensus on the best surgical procedure when the
1M2  angle is very wide.
This study hypothesized that isolated MTP-1 arthrodesis of the
rst ray sufﬁces to correct M1P1 and M1M2  angles simultaneously,
ncluding in substantial deformities and independently of the eti-
logy of the deformity. This study analyzed the position of the
rthrodesis and the correction of the ﬁrst-ray angles as well as
he time to bone union and the postoperative complications in a
ontinuous series.
. Material and methods
Between June 2007 and March 2011, we conducted a prospec-
ive and continuous study on a total of 208 patients operated for
late MTP-1 arthrodesis. All the patients included in the study
nderwent preoperative clinical and radiological assessment and
ll were seen postoperatively following the same radiological and
linical protocol at 45 days, 3 months, 1 year, and at the last follow-
p.
.1. Population
The mean age at surgery was 62.4 ± 9.9 years (range, 19–87
ears). The mean follow-up was 18.6 ± 12.4 months (range, 3–76
onths). The cohort included 89% women. In addition, 20% of
he patients had already undergone forefoot surgery before the
rthrodesis. The etiologies were distributed into: 48% severe hallux
algus (M1P1 angle > 40◦) and/or arthritic hallux valgus, 18% hal-
ux rigidus, 16% rheumatoid foot, 13% surgical revision of the ﬁrst
ay, and 5% hallux varus. The postoperative complications and the
urgical revision cases were identiﬁed and analyzed.
.2. Surgical technique
All the patients were operated by the same senior surgeon spe-
ialized in foot and ankle surgery (JLB) using the same surgical
echnique. A medial approach exposing the dorsal side of the base
f the ﬁrst phalanx and the ﬁrst metatarsal was used. After lateral
rthrolysis (including release of the dorsal extensor hallucis longus
uscle, resection of the suspensor ligament of the lateral sesamoid
nd the lateral collateral ligament on the lateral epicondyle of the
rst metatarsal), spherical freshening of the joint surfaces was  per-
ormed using concave and convex reamers turning at a slow speed.
fter freshning of the sesamoids, the arthrodesis was  osteosynthe-
ized with an anatomical plate (Fyxis-BiotechTM) in Ti.6Al.4 V alloy
rebent at 5◦ including a phalangeal arm for an oblique metatar-
ophalangeal screw in compression, complementary to the four
.7-mm dorsal screws. The screws were not locked in the plate.
roper positioning of the MTP-1 arthrodesis was checked intraop-
ratively using ﬂuoroscopy.
After surgery, all patients were recommended immediate com-
lete weightbearing protected by a postoperative walking boot
SoberTM) for 6 weeks. The bandage and separate stitches were
emoved at the check-up 3 weeks after surgery.
.3. Radiological measurementsThe preoperative and postoperative radiographic workup con-
isted in two X-rays with load, magniﬁed 100%: one dorsal-plantar
iew and one lateral view of the operated foot (Figs. 1 and 2). Boneurgery & Research 101 (2015) 709–714
union was  conﬁrmed on X-ray (three corticals out of four). The AP
M1M2  and M1P1 angles were measured according to the recom-
mendations of the American Orthopaedic Foot and Ankle Society
[13,14] by an independent observer (FD) on X-rays taken during
the follow-up at 3 months, once MTP-1 arthrodesis bone union had
been acquired, 12 months after surgery, and at the last follow-up.
The pre- and postoperative absolute values of the intermetatarsal
angle were studied, as was  the difference between these two mea-
surements. The study also investigated the positioning of the ﬁrst
ray by measuring the AP M1P1 angles. The results were analyzed for
the overall series and for the different etiologies and the amplitude
of the preoperative metatarsus varus (M1M2 < 15◦, M1M2  15–19◦,
M1M2  ≥ 20◦).
2.4. Statistical analysis
The statistical analysis was  performed using StatViewTM (SAS
Institute Inc., Cary, NC, USA). The quantitative variables were stud-
ied using the Student t-test after having checked that the sample
was normally distributed. To compare more than two  groups
of quantitative variables according to a normal distribution, an
ANOVA test was applied. The qualitative variables were studied
using the Chi-square test. The signiﬁcance threshold was  estab-
lished for p < 0.05. A relation between the pre- and postoperative
intermetatarsal angles was sought by drawing a regression curve
using the least-squares method. The correlation coefﬁcient of this
curve was  analyzed.
3. Results
The mean follow-up was 18.6 ± 12.4 months (range, 3–76
months) for the overall series. This was not statistically different
between the different etiology groups or according to the severity
of the preoperative deformity (Tables 1 and 2).
3.1. Radiological analysis
In the overall series, there was  a signiﬁcant reduction in the
M1P1 and M1M2  angles, respectively decreasing from a preoper-
ative level of 33.9◦ ± 19.7◦ (range, −45 to 67◦) to a postoperative
level of 13.3◦ ± 5.3◦ (range, 0–32◦) at the last follow-up (P < 0.0001)
and from 14.2◦ ± 5.4◦ (range, 0–26◦) preoperatively to 6.5◦ ± 2.3◦
(range, 0–12◦) at the last follow-up (P < 0.0001) (Figs. 1 and 2).
There was no signiﬁcant difference between the results obtained
for the M1P1 and M1M2  angles at 3 months and 12 months post-
operative and at the last follow-up (Table 1). Within each etiological
group and each deformity severity group, the same signiﬁcant dif-
ference was  demonstrated for the pre- and postoperative M1P1 and
M1M2  angles (Table 1). There was no signiﬁcant difference for the
postoperative M1M2  angle between the different etiologies except
between the hallux valgus and hallux rigidus groups, 6.9◦ ± 2.3◦
(range, 0–12◦) versus 5.3◦ ± 2.6◦ (range, 0–9◦) (P = 0.035), respec-
tively.
The more the preoperative M1M2  angle increased the greater
the gain in metatarsus varus was (M1M2  gain = difference between
the pre- and postoperative M1M2  angle). However, statistically, the
greater the metatarsus varus was, the higher the postoperative
M1M2  was, but remaining less than 10◦ (Table 2). There was  no
correlation between the preoperative metatarsus varus value and
the value obtained postoperatively because the correlation coefﬁ-
cient of the regression line was  0.33 (Fig. 3). Only two  patients (one
with rheumatoid arthritis and one with severe arthritic hallux val-
gus) out of 208 preserved an M1M2  angle greater than 10◦; they
presented associated ﬁrst-ray cuneometatarsal arthritis (Fig. 4).
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Table 1
Pre- and postoperative M1P1 and M1M2 angles for the overall series and according to etiology.
Preoperative 3 months postoperative 12 months postoperative At last follow-up
M1M2  AP M1P1 M1M2  AP M1P1 M1M2 M1P1 face Follow-up (months) M1M2 AP M1P1
Hallux valgus 16.6 ± 4.3 (5–26) 43.4 ± 11.3 (9–67) 7.7 ± 3.3 (1–12) 15.2 ± 5.5 (0–32) 7.1 ± 2.8 (1–12) 15.1 ± 5.4 (0–32) 17.5 ± 9.3 (3–48) 6.9 ± 2.3 (0–12) 15.0 ± 5.3 (0–32)
Hallux  rigidus 9.9 ± 4.5 (4–22) 17.1 ± 7.9 (−1–40) 6.7 ± 1.8 (2–8) 9.7 ± 3.3 (4–18) 6.5 ± 1.9 (1–9) 9.7 ± 3.4 (1–18) 13.4 ± 9.8 (2–52) 6.4 ± 2.1 (0–10) 9.7 ± 3.6 (0–18)
Rheumatoid forefoot 15.4 ± 4.3 (5–25) 42.2 ± 10.6 (20–64) 7.2 ± 2.6 (2–12) 13.6 ± 5.4 (4–27) 6.7 ± 2.5 (1–12) 13.2 ± 5.2 (0–24) 26.8 ± 17.2 (5–76) 6.1 ± 2.3 (2–12) 12.7 ± 4.9 (0–22)
Hallux  varus 4.2 ± 3.6 (0–10) −23.5 ± 12.6 (−45 to −10) 6.3 ± 2.0 (4–10) 10.4 ± 4.0 (4–18) 5.5 ± 2.2 (4–9) 10.8 ± 3.8 (4–18) 15.2 ± 11.3 (2–38) 5.3 ± 2.6 (0–9) 11.1 ± 3.8 (5–19)
Surgical  revision 13.4 ± 4.4 (3–21) 31.9 ± 14.1 (−5 to 50) 6.2 ± 2.5 (0–12) 13.9 ± 4.6 (7–24) 6.2 ± 2.4 (0–10) 13.8 ± 4.9 (5–24) 21.5 ± 14.6 (3–63) 6.0 ± 2.3 (2–10) 13.4 ± 5.2 (5–23)
Overall  series 14.2 ± 5.4 (0–26) 33.9 ± 19.7 (−45 to 67) 7.3 ± 3.2 (0–12) 13.5 ± 5.4 (0–32) 6.9 ± 2.7 (0–12) 13.5 ± 5.4 (0–32) 18.6 ± 12.4 (2–76) 6.5 ± 2.3 (0–12) 13.3 ± 5.3 (0–32)
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Fig. 1. MTP-1 arthrodesis with resection of the metatarsal heads in a female patient with rheumatoid arthritis: preoperative AP dorsal-plantar X-ray with load (left, M1P1
40◦ , M1M2  15◦) and at 3 months postoperative (right, M1P1 5◦ , M1M2 8◦).
Fig. 2. Stage IV hallux valgus in a 78-year-old female patient: preoperative AP dorsal-plantar X-ray with load (left, M1P1 50◦ , M1M2  20◦) and at 18 months postoperative
(right,  M1P1 15◦ , M1M2  6◦).
Table 2
Pre- and postoperative M1P1 and M1M2  angles according the severity of the preoperative M1M2  angle.
Number of
subjects
Mean follow-up
(months)
Preoperative Postoperative at last follow-up Gain in pre- and
postoperative
M1M2 angle
M1M2  M1P1face M1M2  M1P1 face
M1M2 < 15◦ 97 17.3 ± 11.5 (3–63) 9.5 ± 3.5 (0–14) 23.6 ± 21.7 (−4–60) 5.8 ± 2.1 (0–10) 12.5 ± 4.8 (0–26) 3.7 ± 3.9 (−5–11)
15◦≤ M1M2  <20◦ 78 19.5 ± 14.3 (3–76) 16.8 ± 1.4 (15–19) 41.6 ± 12.9 (−5–67) 6.7 ± 2.3 (0–12) 14.4 ± 5.9 (0–32) 10.1 ± 2.4 (4–19)
M1M2 ≥ 20◦ 33 20.5 ± 9.8 (3–41) 22.0 ± 2.1 (20–26) 45.6 ± 9.5 (24–60) 8.0 ± 2.3 (3–12) 13.0 ± 4.6 (3–25) 14.0 ± 3.3 (10–22)
Overall series 208 18.6 ± 12.4 (3–76) 14.2 ± 5.4 (0–26) 33.9 ± 19.7 (−45–67) 6.5 ± 2.3 (0–12) 13.3 ± 5.3 (0–32) 7.7 ± 5.2 (−5–22)
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In the literature, M1M2  angle correction varies between 4.0◦
F
Xig. 3. Regression line according to the least-squares method between the pre- and
ostoperative M1M2 values.
.2. Complications
Two cases of septic complications secondary to scarring
roblems were noted. Fusion of the arthrodesis was  obtained radi-
logically at 3 months postoperative in 97.1% of the cases. Six cases
2.9%) of malunion were noted. At the last follow-up, the plate
ad to be removed in 11 patients (5.3%): three cases for malu-
ion, three other cases for impingement with the material, three
ases for screw migration, and two cases of sepsis. In the malunion
ases, removing the material did not cause changes in the M1P1
nd M1M2  angles.
No fatigue fracture was recorded but three patients fractured
he ﬁrst ray traumatically (two fractures of the ﬁrst metatarsal and
ne fracture of the ﬁrst phalanx). These patients were all treated
rthopaedically, leading to bone union.
ig. 4. MTP-1 arthrodesis with resection of the metatarsal heads in a female patient with r
-ray  with load (left, M1P1 50◦ , M1M2  22◦) and at 12 months postoperative (right, M1P1urgery & Research 101 (2015) 709–714 713
4. Discussion
This continuous and prospective series showed that isolated
MTP-1 arthrodesis provided simultaneous correction of the M1P1
and M1M2  angles, including in patients with a preoperative
M1M2  angle greater than 20◦. Only two patients retained an
M1M2  angle greater than 10◦ at the last follow-up. Union of the
arthrodesis was  obtained in 97.1% of the cases at 3 months post-
operative. Plate removal was required in 5.3% of the cases for
malunion, infection, or impingement between soft tissues and the
orthopaedic material. A high rate of the patients (88.9%) were sat-
isﬁed or very satisﬁed with the intervention.
The biases of the study are related to the presence of diverse pre-
operative etiologies and deformities. To limit this bias, the results
were analyzed by etiology and in creating groups according to the
amplitude of the preoperative M1M2  angle.
The main strength of this study is its homogeneity: a prospec-
tive, continuous series, patients operated with the same surgical
technique, and identical postoperative follow-up by a single senior
surgeon specialized in foot and ankle surgery (JLB).
MTP-1 arthrodesis is a surgical technique that is widely indi-
cated and recognized in the treatment of severe and/or arthritic
hallux valgus [1–3], surgical revisions, and severe deformities of the
ﬁrst ray whatever the etiology may  be [4–8]. A number of authors
have reported in the literature that MTP-1 arthrodesis can correct
the M1P1 angle as well as metatarsus varus [3,9,10,15]. However,
the mechanism of correction of metatarsus varus is poorly known
and few authors have contributed an explanation for this phe-
nomenon [9,10]. With the correction and fusion of the MTP-1 joint,
the adductor of the hallux acts through the conjoint tendon of the
lateral sesamoid, the adductor of the hallux on the unit made up of
the ﬁrst phalanx and the ﬁrst metatarsal. After fusion of the MTP-
1 joint, the lever arm of the adductor of the hallux is increased
and its force is transmitted to the ﬁrst metatarsal, correcting the
M1M2  angle [9]. This force, combined with a mobile C1M1 joint,
reduces the M1M2  intermetatarsal angle [10].and 8.2◦ depending on the study [9,10,16–18]. The results reported
herein are within this range in that we found a gain of 7.7◦ ± 5.2◦
(range, −5 to 22). However, these results contradict those reported
heumatoid arthritis and presence of C1M1 arthritis: preoperative AP dorsal-plantar
 13◦ , M1M2 12◦).
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[21] Besse JL, Chouteau J, Laptoiu D. Arthrodesis of the ﬁrst metatarsophalangeal14 F. Dalat et al. / Orthopaedics & Traumato
y Rippstein et al. [12], who, based on a small series of 18 cases,
uggested systematically associating a proximal procedure at the
rst metatarsal (osteotomy or Lapidus) with MTP1 arthrodesis
o obtain better correction of metatarsus varus. In this series,
he preoperative M1M2  angle decreased from 18.8◦ to 4.6◦ at a
ean 14.2 months follow-up. They reported no bone union prob-
ems. In contrast, we conﬁrm in this large prospective series that
TP1 arthrodesis corrects metatarsus varus without needing to
ssociate a proximal procedure on the ﬁrst metatarsal. This con-
lusion is shared by other authors [13–18]. The only indication for
ssociated C1M1 arthrodesis that seems legitimate is the case of
atients presenting a wide M1M2  angle associated with irreducible
uneometatarsal arthritis (C1M1 stiffness). Our two  failures pre-
ented this conﬁguration with an M1M2  angle at the last follow-up
reater than 10◦.
We have demonstrated that the higher the preoperative M1M2
s, the greater the correction is (Table 2). These results differ from
wo cohorts with fewer subjects [9,19]. Moreover, for Pydah et al.,
here is a ﬁnite limit to the improvement of the M1M2  angle and
hey propose a regression line predicting the residual metatarsal in
elation to the preoperative M1M2  angle [10]. This correlation was
ot found in our study because the correlation coefﬁcient is 0.33.
owever, this author does not recommend adding a procedure to
TP-1 arthrodesis.
We noted 97.1% fusion in MTP-1 arthrodesis in our series includ-
ng primary and revision surgeries. This result matches the results
ound in the literature, which vary according to the osteosynthesis
sed, the type of refreshening, and the etiology of the deformity
20,21].
. Conclusion
This study conﬁrms the data in the literature: MTP1 arthrode-
is is an intervention that can simultaneously correct the M1M2
nd M1P1 angles, including in substantial deformities. The greater
he preoperative metatarsus varus, the greater the gain obtained
ithout demonstrating a correlation between the pre- and post-
perative M1M2  angle. We  therefore reserve complementary
uneometatarsal arthrodesis associated with MTP-1 arthrodesis in
he very rare cases of osteoarthritis of the cuneometatarsal joint
ssociated with a major increase in the M1M2  angle.
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